INTRODUCTION
============

The clinical characteristics of patients with fibromyalgia (FMS) are complex and include chronic pain and its associated symptoms: insomnia, fatigue, stiffness, anxiety, depression, multiple sensitive and tender areas, and morning tiredness \[[@B1],[@B2],[@B3],[@B4],[@B5],[@B6],[@B7]\]. The assessment and monitoring of FMS is a dynamic process \[[@B8]\]. There is no single test that can diagnose FMS; there is currently a debate over what should be considered essential diagnostic criteria and whether an objective diagnosis is even possible with the disease \[[@B9]\].

The handgrip strength (HGS) test is a complementary evaluation tool in myriad different conditions, such as malnourished preoperative colorectal cancer patients, prostate cancer patients, breast cancer survivors, diabetics, chronic peritoneal dialysis, congestive heart failure, survivors of critical illness, and FMS \[[@B1],[@B7],[@B10],[@B11],[@B12],[@B13],[@B14],[@B15],[@B16]\]. Patients with FMS generally have demonstrated lower levels of HGS \[[@B10],[@B17],[@B18],[@B19],[@B20],[@B21]\]. The HGS test might have clinical utility to discriminate between the presence and absence of FMS, as well as moderate and severe cases of FMS in women \[[@B10]\].

The aforementioned studies assessed whether the HGS test measures the effects of treatment or assesses physical function in other musculoskeletal disorders, particularly myofascial pain syndrome (MPS).

Patients with FMS have diffuse musculoskeletal pain and multiple tender points \[[@B11]\]. Unlike FMS, muscle pain in MPS is usually local or regional pain due to trigger point in a taut band of skeletal muscle fibers \[[@B22]\]. Although non-pharmacological modalities, such as stretching exercises, mechanical massage, hot pack, ultrasound, electrical stimulation, etc., may be common to both conditions, the pharmacological management of FMS and MPS differ \[[@B23]\]. The origin of pain in MPS is purportedly peripheral in origin; thus, nonsteroidal anti-inflammatory drugs are effective on peripheral pain. In contrast, pain in FMS is supposed to be central in origin; thus, antidepressant, antiepileptic drugs and a variety of neuroactive compounds are available for FMS \[[@B23]\]. Trigger point injections (TPI) are commonly used to relieve pain for patients with MPS \[[@B22]\]. Administering TPI in patients with MPS results in immediate and effective pain relief \[[@B22]\]. Some patients with FMS also have MPS with active trigger points that contribute to their pain \[[@B22]\]. The aim of this study is to determine the potential of the HGS test for assessing short-term treatment effects of patients with muscular pain in the upper extremities, and to delineate the difference between FMS in the MPS group and uncomplicated MPS group with the effect of TPI.

MATERIALS AND METHODS
=====================

The study enrolled a total of fifty women (FMS with MPS group: 29 patients with combined FMS and MPS; MPS group: 21 patients with just MPS) who presented with muscular pain in the upper extremities at Konyang University Hospital. A total of nine healthy women (control group) were prospectively enrolled between July and October 2011.

A rheumatologist at Konyang University Hospital confirmed the diagnosis of patients with combined FMS and MPS. The criteria of the American College of Rheumatology were adopted for the diagnosis of FMS \[[@B9]\]: widespread pain in at least three of the four body quadrants for at least three months and localized pain on palpation in at least 11 of 18 selected muscle-tendon junctions or tender points \[[@B9]\]. The selected tender points for examination (all bilateral) included: occiput, low cervical spine, trapezius and supraspinatus muscles, second rib, lateral epicondyle of elbow, gluteal muscle, greater trochanter, and knee \[[@B9]\]. Among the patients who were initially diagnosed with FMS, if they also had trigger points in upper extremities, the patients were recruited into the FMS with MPS group. Patients with muscular pain in the upper extremities were referred to the outpatient clinic of the Department of Physical Medicine and Rehabilitation; they were ultimately enrolled in the MPS group. Subjects with a history of surgery (including amputation) of the upper extremities, other rheumatic disease, or severe somatic or psychiatric disorders were excluded from the study.

The study design is displayed in [Fig. 1](#F1){ref-type="fig"}. All participants were evaluated using the following established pain scales at baseline: the Korean version of the Fibromyalgia Impact Questionnaire (FIQ), the Korean version of the 36-Item Short Form Health Survey (SF-36), and the Korean version of the Short Form McGill Pain Questionnaire (MPQ). HGS was measured in all groups at baseline.

FIQ was designed to measure aspects of health believed to be most affected by FMS \[[@B24]\]; it was used in this study to evaluate the health status of subjects for intergroup comparison. The scale contains a total of 10 items with a score range of each item from 0 to 10; thus, the maximum possible score is 100. A higher FIQ score indicates an increased severity of FMS.

The health-related quality of life (HRQOL) was assessed by SF-36 \[[@B25]\], which has a total of 36 items scored on a scale from 0 to 100. A higher SF-36 score indicates better HRQOL.

MPQ was used to assess pain severity and its characteristics; the scale includes 11 sensory and four affective parameters of pain experience, with each question graded from 0 to 3. The persistent pain intensity (range 0-5) and visual analog scale were also included to provide overall intensity scores. The range of possible MPQ scores is from 0 to 60, with higher scores indicating greater intensity of pain.

HGS was measured with a Jamar hydraulic hand dynamometer (Sammons Preston, Warrenville, IL, USA; [Fig. 2](#F2){ref-type="fig"}) held in either hand for at least 2 seconds, with the arm fully extended at an angle of 30° with respect to the trunk and the palm of the hand perpendicular to the shoulder line \[[@B10]\]. The mean score of strength in both hands was recorded. Handgrip span was calculated using the formula suggested by Ruiz et al. \[[@B10],[@B27]\]:

We selected TPI as the method of treatment that is commonly used to relieve pain in MPS. Patients in the FMS with MPS and MPS groups received TPI treatment (0.5% lidocaine, total 10 mL, injected at the pain site in the upper extremities). Twenty minutes after TPI, HGS was remeasured and the MPQ scoring was recorded.

The measurement of HGS and TPI were administered by two physicians in the Department of Physical Medicine and Rehabilitation. All subjects received oral and written information about the study protocol and signed informed consent before participation.

The statistical analytical software package SPSS ver. 18.0 for Windows (SPSS Inc., Chicago, IL, USA) was used. Baseline demographic characteristics, FIQ, SF-36 scores, the MPQ score, and HGS, were analyzed using ANOVA. Spearman correlation coefficients were used to examine the association between study participant\'s HGS and FIQ, SF-36, and MPQ scoring. MPQ and HGS were used to assess TPI effects, which were evaluated using a paired t-test. The association between MPQ and HGS was assessed by Spearman correlation: a correlation measure of 0-0.25 indicates an absent or weak linear relationship; a correlation measure of 0.25-0.50 indicates a moderate linear relationship; a correlation measure of 0.50-0.75 indicates a moderate to good linear relationship; and a correlation greater than 0.75 indicates a very good linear relationship \[[@B26]\]. Data are presented as mean±standard deviation. Statistical significance was assigned at a p-value less than 5% (p\<0.05).

RESULTS
=======

Fifty patients and nine healthy women were enrolled in the study; because very few men suffer from FMS, only women were enrolled in this study ([Fig. 1](#F1){ref-type="fig"}).

[Table 1](#T1){ref-type="table"} shows the baseline characteristics of study participants in the areas of HGS, FIQ, SF-36, and MPQ. The FMS with MPS group (age, 47.18±9.36 years) was younger than the other two groups (MPS 56.81±6.68, control 55.89±7.87; p=0.00). Height, weight, body mass index, and handgrip span showed no significant differences at baseline. Mean HGS showed a significant difference in all groups (13.34±5.20, 18.55±6.44, and 20.17±2.66 kg in FMS with MPS, MPS, and control, respectively; p=0.001). Apart from the \"Physical impairment\" FIQ subscale and \"Mental health\" of the SF-36 subscale, most scores for FIQ, SF-36, and MPQ showed statistically significant differences (p\<0.05).

Intergroup differences were determined by using Tukey multiple comparison test. Most FIQ and SF-36 subscales, total FIQ and SF-36 scores, MPQ, and HGS showed statistically significant differences between the FMS with MPS group and the other two groups (p\<0.01); however, there were no statistically significant differences between the MPS and control groups (p\>0.05).

HGS was associated with an increase in overall physical function ([Table 2](#T2){ref-type="table"}). HGS was negatively associated with FIQ and MPQ; HGS was positively associated with SF-36 citing Spearman correlation. This association was statistically significant apart from certain subscales, such as \"Feel good\" (FIQ) and \"Mental health\" (SF-36).

Most FIQ subscales including \"Physical impairment,\" \"Unable to work,\" \"Able to work,\" \"Pain,\" \"Fatigue,\" \"Resting,\" \"Stiffness,\" \"Anxiety,\" and total FIQ score showed a moderately negative correlation with HGS (r\<-0.3, p\<0.05). The FIQ subscale \"Depression\" had a weak, negative association with HGS (r=-0.261, p=0.047). Most SF-36 subscales had a moderately positive association (r\>0.3, p\<0.05). Only the subscale \"Physical role\" in SF-36 was weakly associated with HGS (r=0.281, p=0.032), whereas MPQ had a clear negative association (r=-0.464, p=0.000).

The effects of TPI on the patient groups are shown in [Table 3](#T3){ref-type="table"}: post-TPI MPQ decreased and HGS increased. In the patient groups FMS with MPS and MPS, a statistically significant difference was found between both pre- and post-TPI MPQ and HGS (both p=0.00). Between the pre-TPI HGS and post-TPI HGS in patient group had a significant difference (p=0.00) in patient group. In FMS with MPS group and the MPS group, these relationships were maintained (p\<0.02). The MPQ and HGS score were different in each group, but the pre/post-TPI difference values were similar in each group. HGS reflected the effect of TPI in all 3 groups: FMS with MPS + MPS group, FMS with MPS group, and the MPS group.

[Table 4](#T4){ref-type="table"} displays the correlations between MPQ and HGS, which were negative and moderate in the two patient groups (r\<-0.3, p\<0.01); this relationship was maintained post-TPI. No statistically significant correlation was found for the FMS with MPS group between MPQ and HGS (p\>0.05). Correlation between pre-TPI MPQ and HGS in the MPS group was significant (r=-0.491, p=0.024). Post-TPI, the correlation between these two factors was not significant (p=0.194) in the MPS group. The correlation between MPQ and HGS is stronger in the MPS group than FMS with MPS group.

DISCUSSION
==========

The study found that HGS was reduced according to an increase in the pain scales used in this study, and reflected the effects of TPI. Therefore, HGS might be a complementary tool for assessment of short-term treatment effects.

Despite the fact that patients in the FMS with MPS group were younger than those in the other groups at baseline, HGS in the FMS with MPS group was still the lowest. In previous studies, HGS in women with FMS was lower than that in age-matched healthy women \[[@B10],[@B11]\]. According to Panton et al. \[[@B11]\], older women without FMS (mean age 71±7 years) had poorer HGS than women with FMS (mean age 46±7 years). The results of the present study counter those of previous studies \[[@B10],[@B11]\], and establishment of a more robust correlation between physical function of the subjects and HGS will be possible through an age-matched study, which probably involves dividing the FMS with MPS group into different age groups (e.g., 20-30 and 31-40 years).

In a recent study \[[@B27]\], the average FIQ score of patients with FMS was approximately 50, whereas that of severely afflicted patients was generally \>70. In our study, the mean total FIQ scores in the FMS with MPS and MPS groups were 76.34±20.15 and 51.30±18.67, respectively. In our study, the FMS with MPS group falls under the severe FMS which were designated by FIQ score in the previous study and the MPS group also falls under the FMS \[[@B10]\]. More women with severe FMS were compelled to participate in the study because subjects in the patient group were recruited from Konyang University Hospital. Furthermore, it was able to suggest that the MPS group in our study involved FMS patients.

Overall HGS in this study was found to be poorer than that in previous studies \[[@B1],[@B10],[@B11],[@B28]\]. The mean HGS in middle-aged Korean women is about 23.5 kg \[[@B28]\]. The main mitigating factor in this study maybe subject enrollment: our study involved more severely affected patients recruited from a hospital. It should be noted, however, that the HGS of the control group was also lower than the mean value found in other studies. Furthermore, a large number of cases are needed to investigate the correct population mean for establishing HGS in each group.

Post-TPI HGS increased and MPQ decreased, supporting the hypothesis that pain has a major impact on patients\' handgrip strength. The pre/post-TPI difference of HGS is similar in each group. The TPI effect of the patients with an MPS component might be evaluated by measuring handgrip strength.

HGS can reflect the effects of treatment as measured by MPQ, and both MPQ and HGS showed a moderately negative correlation pre/post-TPI in the patient group. HGS had significant reflectivity of TPI effect similar to MPQ. The resulting correlation between MPQ and HGS in each of the two groups: the FMS with MPS group and the MPS group, no statistically significant difference was observed compared with the patient group (FMS with MPS + MPS group). This may be the result of a small number of subjects (sample size) in each of the two groups. Negative correlation between two factors was preserved in each of the two groups.

This study has several limitations. First, we assessed the effect of treatment by measuring MPQ and HGS about 20 minutes after administering TPI. These scores reflect only the immediate effect of treatment. Further study assessing long-term effects will be needed. The number of subjects included for analysis was relatively small, although a larger number of subjects were assessed for eligibility. The mean value of age-specific HGS in each group should be investigated, but our Institutional Review Board disapproved of this strategy.

In conclusion, women with severe pain in their upper extremities had poorer handgrip strength. Compared with established pain scales, the HGS test was not inferior. Post-TPI HGS increased and MPQ decreased. HGS test might be a complementary tool in assessing the short-term treatment effects of women with muscular pain in the upper extremities. In this study, subjects were not enrolled in large numbers; thus, a large prospective study is needed.
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###### 

Baseline characteristics, handgrip strength, FIQ, SF-36, and MPQ in the three groups (n=59)
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Values are presented as mean±standard deviation.

FIQ, Korean version of Fibromyalgia Impact Questionnaire; SF-36, Korean version of 36-Item Short Form Health Survey; MPQ, Korean version of Short Form McGill Pain Questionnaire; FMS, fibromyalgia; MPS, myofascial pain syndrome; BMI, body mass index; HGS, handgrip strength.

^\*^p\<0.05, significantly different according to ANOVA. The same letters indicate non-significant difference between groups based on Tukey multiple comparison test.

###### 

Correlation between handgrip strength and FIQ, SF-36, and MPQ in the three groups
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FIQ, Korean version of Fibromyalgia Impact Questionnaire; SF-36, Korean version of 36-Item Short Form Health Survey; MPQ, Korean version of Short Form McGill Pain Questionnaire.

^\*^p\<0.05, significantly different according to Spearman correlation.

###### 

Effects of TPI
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TPI, trigger point injection; FMS, fibromyalgia; MPS, myofascial pain syndrome; MPQ, Korean version of Short Form McGill Pain Questionnaire; HGS, handgrip strength.

^\*^p\<0.05, significantly different according to paired t-test.

###### 

Correlation between MPQ and HGS
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MPQ, Korean version of Short Form McGill Pain Questionnaire; HGS, handgrip strength; FMS, fibromyalgia; MPS, myofascial pain syndrome; TPI, trigger point injection.

^\*^p\<0.05, significantly different according to Spearman correlation.
